achieved RECIST-objective response (11 %) with a 6-month clinical benefit rate of 14 %. Median progression free and overall survival were 7.7 weeks [95 %CI 7.7 (6.4-9.0)] and 19.1 weeks (95 %CI 17.5-20.8), respectively. Grade 3 or 4 toxicities were observed in 37 patients (39 %) and led to trial discontinuation in 9 (9 %); no toxicity-related death was recorded. In the multivariate analysis, serum albumin (\35 g/dl, HR2.0, p = 0.002) and lactate dehydrogenase ([192 lmol/l, HR1.7, p = 0.016) were prognostic of overall survival. Conclusion Phase I clinical trials can be considered a reasonable option in selected patients with relapsed UGIC. The use of objective prognosticators may improve selection and risk/benefit profile of patients.
Introduction
Oesophago-gastric cancer (OGC) and pancreatic cancer (PC) are the second and fourth most common cause of cancer-related death in the world, respectively [1] . Both diseases often present in advanced stages and, due to their relative chemo-resistance and the limited availability of effective treatment strategies, are associated with poor survival [2, 3] . Only a minority of patients qualify for potentially curative surgery and, even in these patients, the outcome is poor with expected 5-year survival rates of approximately 37 % for OGC in Western countries and\20 % for PC [4, 5] .
Palliative chemotherapy has demonstrated improvement in overall survival and clinical benefit compared to best supportive care (BSC) and represents the standard treatment for patients with relapsed or metastatic disease with OGC and PC [6, 7] . Doublet or triplet combination chemotherapy regimens are now widely used in patients with a good performance status (PS) [8] [9] [10] . Moreover, targeted agents, including trastuzumab in HER-2 positive OGC patients and erlotinib in unselected PC patients, have been included in the therapeutic armamentarium for these diseases [11, 12] .
In contrast with the first-line setting, limited data on the role of second-line therapies for OGC and PC have been historically available and, given the modest benefit of such therapies associated with the poor performance of chemorefractory patients, chemotherapy has not been routinely delivered especially in Western countries [13] [14] [15] . More recently, two Phase III trials showed a survival advantage for salvage chemotherapy (taxanes or irinotecan) compared with BSC [16] in chemo-refractory OGC, supporting the potential utility of salvage treatments in this setting. Less data are available for chemo-refractory PC. Second line therapies have been investigated in Phase II trials with limited success [17] [18] [19] [20] [21] , and there is currently no standard regimen for these patients.
The limited availability of standard effective treatments coupled with the advances in the understanding of tumour biology and the development of molecularly targeted therapies have progressively increased the number of chemo-refractory OGC and PC patients who are referred for consideration of Phase I trials.
Investigating the safety of new agents and finding a dose to further test in the subsequent stages of the drug development process are the main purposes of Phase I trials. However, there is a lack of published data regarding the impact of experimental drug therapies on the safety and outcome of chemo-refractory OGC and PC patients. We therefore conducted a retrospective analysis of all patients with UGIC treated in the specialist Phase I unit at our institution. The primary aim of this study was to describe the rates of grade 3 or 4 toxicities and treatment-related trial discontinuation in these patients, as well as defining standard efficacy parameters. We additionally explored the prognostic role of baseline variables for this group of patients. Toxicity assessment and response evaluation Toxicity data were collected as originally recorded in the electronic medical records (EMR), and when required, from the case report forms (CRFs). In all trials included in the present analysis, toxicity was graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 2.0 or 3.0.
Patient and methods

This
Baseline tumour measurements were performed within 4 weeks prior to treatment start. Tumour measurements were repeated every 6-8 weeks during the first 6 months on trial using Response Evaluation Criteria In Solid Tumours (RECIST) version 1.0. Tumour responses were confirmed prospectively by a radiologist. Survival data were obtained from the hospital EMR, and when necessary, by contacting the general practitioner or referring institution.
Statistical methods
OS was defined as the interval between the day of first administration of the experimental therapy and the date of death from any cause. Patients who were lost to follow-up were censored at the date of last contact. Progression-free survival (PFS) was defined by the time elapsed between Cycle 1 day 1 on study until radiological progression or death of any cause while on treatment (which ever occurred first); if no evidence of progression was documented at the last follow-up, patients were censored at the time of last radiological evaluation. The clinical benefit rate (CBR) was calculated as the sum of objective response rate (ORR) and proportion of patients with stable disease (SD) at 4 or 6 months.
Categorisation of numeric variables was undertaken based on considerations of the standard reference values (normal range versus low/elevated) or according to the median values. Estimates of median PFS and OS [and 95 % confidence interval (CI)] were determined using the Kaplan-Meier method, and survival curves were compared using the log-rank test for categorical variables. Cox regression analysis was undertaken to identify baseline characteristics that provided prognostic information. 
Chemotherapy containing regimen (n, %) Variables with a p value B0.10 were entered in a multivariate model, where a forward stepwise approach was taken. p Values \0.05 were considered significant. A prognostic score was developed based on the two equally-weighted variables that were significant in the multivariate analysis, namely: LDH normal (0) versus LDH [ ULN (?1); albumin more than 35 g/l (0) versus albumin \35 g/l (?1). The prognostic score for each individual was derived from the sum of these two components. In addition, the performance of the new prognostic score was evaluated by calculating the area under the receiver operating characteristic curve. All p values presented in this study are 2-sided. All analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, Il, USA).
Results
Patient and tumour characteristics
One thousand and four patients were recruited into Phase I trials between 2005 and 2009 in 30 Phase I clinical trials in our institution; of those 96 (9.5 %) had UGIC. The median age at Phase I trial entry was 59 years (range 24-77) with a male/female ratio of 3.5. Of the total cohort, 71 patients (74 %) had OGC; primary carcinoma of the oesophagus (41), OGJ (7) or stomach (14) , while 25 patients (26 %) had primary carcinoma of the pancreas. The median number of prior lines of chemotherapy was 2 (range 1-4). Sixty-one patients (64 %) were treated with single agent or combined experimental therapies. Fourteen percent of patients received therapy in more than one Phase I trial.
Thirty-five (36 %) patients received a chemotherapycontaining regimen; these included carboplatin-paclitaxel in 11 (31 %), paclitaxel in 2 (6 %), docetaxel in 16 (46 %), gemcitabine in 3 (9 %), cyclophosphamide in 2 (6 %) and doxorubicin in 1 (3 %). At Phase I trial entry, 65 patients (68 %) had an ECOG PS of 1 and 26 (27 %) an ECOG PS of 0. A summary of these results is provided in Table 1 .
Safety and tolerability
Ninety-six patients received at least one dose of experimental therapy and were evaluable for toxicity assessments. Most patients developed grade 1 or 2 toxicity (71 %). Thirty-seven patients (39 %) sustained grade 3 or 4 toxicity. All grade 3 and 4 adverse events (AE) that occurred in cycle 1 deemed possibility or likely related to treatment are summarised in Table 2 . No obvious difference in the serious treatment-related AE profile of the nonchemotherapy and chemotherapy-containing regimens were observed. No toxicity-related death was observed. Nine patients (9 %) discontinued trial participation due to treatment-related toxicities. 
Efficacy
Eighty-one patients (84 %) were evaluable for response assessment by RECIST criteria. Of these, 9 (11 %) achieved a partial response (PR) and 31 (38 %) achieved stable disease (SD). Eight out of 9 responders were in the group of OGC (6 oesophagus and 2 stomach) and one response was observed in a patient with carcinoma of unknown primary but of likely upper GI origin. There were no responses in the group of PC patients. A median of 1.5 lines of chemotherapy were administered prior to Phase I trial participation to the patients who achieved a PR. Five patients received chemotherapy-containing regimens (docetaxel in 4 and carboplatin/paclitaxel in 1) and one received an oncolytic virus-coupled to radiotherapy; the other 3 patients received a single agent experimental therapy with a multi-tyrosine inhibitor (TKI) to vascular endothelial growth factor receptor (VEGFR) and fibroblast growth factor receptor (FGRF), a polo-like kinase (PLK) inhibitor and a monoclonal antibody targeting insulin like growth factor 1 (IGF1), respectively. In our series, 2 patients achieved SD that lasted beyond 6 months; one patient received a chemotherapy regimen containing carboplatin-paclitaxel while the other received an AKT inhibitor as monotherapy. The efficacy estimates of patients that received biologics alone or in combination with chemotherapy are summarised in Table 3 .
The overall clinical benefit rates at 4 and 6 months were 21 and 14 %, respectively. Of note, 70 % of patients were alive at 90 days post-Phase I trial entry. After a median follow-up of 147 weeks, the overall median PFS and OS for the overall population were 7.7 (95 %CI 6.4-9.0) and 19.1 (17.5-20.8), respectively. When, the survival outcomes were analysed in the two cancer groups, PFS and OS in the OGC group were not found to be statistically significant.
The median PFS and OS in the group of 9 patients who achieved a PR were 26.4 weeks (95 %CI 21.0-31.9) and 51.0 weeks (95 %CI 16.8-85.2), respectively. These results are summarised in Table 4 . Tables 5 and 6 . Using a prognostic model that comprised LDH and serum albumin, Using this model with mortality at 90-day as an endpoint, the area under the receiver operating characteristics curve was 0.710 (95 %CI 0.601-0.8).
Discussion
Over the last few years, the identification of new, tumourassociated genomic alterations and a better understanding of key oncogenic signalling pathways have led to a significant increase in the number of new drugs targeting these pathways in various malignancies.
Phase I trials are an essential step of a complex, multiphase drug development process where new drugs or their combinations showing promising activity in preclinical experiments are, for the first time, tested in humans with the aim of defining their safety and possibly informing on the scope of further development. However, Phase I trials also represent an attractive option for patients as well as an important resource for healthcare providers where no standard effective anti-cancer therapies are available. In this context, analysing the overall performance of Phase I trials in specific cancer subgroups, in terms of both safety and efficacy, is of interest and may also be helpful in providing useful data to inform the future directions of drug development. This is especially true for diseases like Overall log-rank p value 0.001 NS not significant, ULN upper limit of normality OGC and PC where limited therapeutic options are available on progression to first line chemotherapy, and no major, targetable oncogenic drivers (e.g., BRAF in melanoma) have been yet identified. Very few data are currently available regarding the experience of treating patients with UGIC in the setting of Phase I clinical trials. The primary aim of our study was to analyse the safety and outcome of patients with UGIC referred to a dedicated Phase I drug development unit in a regional centre over a period of 5 years. In accordance with differences in prevalence between OGC and PC, our study population was mainly composed of OGC patients with PC patients accounting for only 26 % of the cases. However, we believe that this finding may also reflect differences in natural history and standard treatment options between these malignancies, as well as potentially different patient's and physician's perceptions of the balance between treatment associated risk and gain in survival/ quality of life when discussing referral for consideration of further treatment within the setting of Phase I trials.
We showed that safety was overall acceptable in both OGC and PC patients. Indeed, in our series, the treatments were generally well tolerated with 61 % of patients experiencing only grade 1 or 2 toxicities. Although 39 % of patients developed grade 3 or 4 toxicities, only in 9 % of cases trial discontinuation was necessary. Moreover, it is worth noting that no treatment-related deaths were observed throughout the study period. The commonest grade 3 or 4 toxicities observed in our cohort included neutropenia, fatigue, rash and diarrhoea. Interestingly, contrary to the common concern, we did not notice significant difference in the toxicity profile of patients being treated on biologics alone or in combination with chemotherapy.
When we analysed the overall outcome of the experimental agents administered, we found some drug activity with an ORR of 11 % and an overall CBR at 6 months of 14 %. In our study, we described CBR as those patients achieving an objective response by RECIST, or stable disease for at least 4 months. However, we acknowledge that the assessment of clinical benefit in non-randomised Phase I clinical trials is difficult, since lack of disease progression, which may relate to underlying disease biology and tumour kinetics, may inappropriately be attributed to the impact of therapy. Ongoing work seeks to refine this definition through a detailed analysis of pre-treatment growth indices [22] .
Forty-four percent and 16 % of the OGC and PC patients, respectively, were enrolled into Phase I trials which incorporated chemotherapy. Interestingly, in our analysis, drug activity was limited to the group of patients with OGC and mainly observed when the experimental drug was administered in combination with chemotherapy. Although, this finding would support a role for chemotherapy in the refractory setting, it is difficult to ascertain the relative contribution of each treatment component. However, it is worth noting that 4 of 6 patients who were treated with chemotherapy-containing regimens also received an insulin-like growth factor 1 receptor (IGF-1R) inhibitor (in combination with docetaxel). Moreover, 1 of 3 Fig. 1 The Kaplan-Meier curves of OS according to perofrmance status scores 0-2. Using this model with mortality at 90-day as an endpoint, the area under the receiver operating characteristics curve was 0.710 (95 %CI 0.601-0. 8) patients who achieved a PR with a single agent therapy also received an IGF-1R inhibitor.
Although we acknowledge the inherent limits of any inter-trail comparison, especially in the presence of a highly selected and heterogeneous population such as that recruited in our study, the outcome of patients receiving treatment in Phase I trials in the current series appears to be comparable to those observed in Phase III trials of chemotherapy versus best supportive care in the second line setting in UGIC. The overall median PFS and OS for the overall population were 7.7 and 19.1 weeks, respectively. Moreover, a significantly better outcome was observed in the group of patients who achieved a PR (median PFS and OS 28.0 and 51.0 weeks, respectively).
Our data demonstrates the largest examination of UGIC patients treated in a Phase I clinic to date. We describe a group of heavily pre-treated patients who had received a median of 2 prior lines of systemic therapy (range 1-4).
Considerable experience is needed in the selection of patients in order to meet the logistical and toxicological demands of Phase I trials; participation in such studies require frequent hospital visits and careful monitoring. To guide selection of UGIC patients for Phase I trial, we examined potential baseline variables that were prognostic of OS. In our series, only serum albumin and LDH were independently significant. In addition, these 2 variables had a moderate to good utility (area under the receiver operating characteristics curve of 0.710 (95 %CI 0.601-0.819) in predicting mortality at 90-day (a commonly used inclusion criterion for Phase I clinical trials). As this is a single-centre retrospective study, further validation of our findings is clearly warranted. Nonetheless, these observations can augment clinical judgement when selecting potential upper gastrointestinal cancer patients for Phase I trials as well as provide data for discussion during medical consultations. Elucidation of the complex biology of such tumours coupled to increasing sophistication in the molecular profiling of tumours will hopefully facilitate the targeted treatment of UGIC. We anticipate that matching the targeted therapies with specific signal transduction abnormalities would be a rational way to improve on the modest efficacy observed so far in unselected patients as presented in this paper.
Conclusion
In conclusion, our analysis support the notion that Phase I clinical trials may represent a safe option for carefully selected patients with chemo-refractory UGIC, particularly when standard treatment options have been proven unsuccessful. It is however important for the clinicians to be aware that with experimental drugs in this setting, there is often risk of having potentially unforeseen toxicities and those should be carefully considered on a case-to-case basis when offering patient treatment within the context of Phase I studies.
